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属）的 AAPB 和普通异养细菌相比，AAPB 的碳源利用能力则明显要弱。通过
Biolog GN 板上 95 种碳源进行的碳源偏好性分析表明，相对于普通异养细菌，
AAPB 在 95 种碳源中更偏好一些比较简单的有机碳源（乙醇和丙二醇）。 
   可以利用光能是 AAPB 类群 重要的特点，但我们并不清楚光能利用代谢功
能会对 AAPB 的碳源吸收利用产生何种程度的影响？为解决这个问题，我们对
比了 4 株不同的 AAPB 菌株在光照条件下的碳源利用变化。结果说明，在同样
的培养条件下 AAPB 菌株对于光照刺激的响应具有明显的差异，菌株 DMS6997
在光照条件下表现为光刺激碳源的吸收利用，而其他 3 株 AAPB 菌株在光照条
件下表现为光照会抑制碳源的吸收利用。这说明尽管所有 AAPB 菌株都具有细
菌叶绿素，可以利用光能，但是由于 AAPB 菌株本身的碳源代谢差异，某一特
定的环境条件可能只适合某一类或某一种 AAPB 充分发挥光能利用的优势。 

































































Aerobic Anoxygenic Photoheterotrophic Bacteria (AAPB) are a group of 
heterotrophic bacteria with the capability of phototrophy. Previous studies have 
showed that they ubiquitously exist in the global oceans and play a key role in the 
marine carbon cycle. Furthermore, as a possible transition species in evolution linking 
from purple photosynthetic bacteria to aerobic heterotrophic bacteria, AAPB are a 
good model species to explore early evolution of photosynthesis. 
    With the objective of understanding the physiological characteristics 
mechanisms of AAPB, the typical AAPB strains and heterotrophic bacterial strains 
from the same taxonomical genera were employed to the comparative experiments in 
the present study. The electronic microscopic observations showed that despite AAPB 
having the ability of light utilization, there are no distinct differences between the 
AAPB and heterotrophic bacterial strains in terms of morphological features and no 
photosynthetic apparatus present in the AAPB cells. The experiments of carbon 
sources utilization showed that significantly different characters of carbon utilization 
were observed between different taxonomic AAPB strains, indicating the diverse 
metabolisms in this functional group. Furthermore, the Biolog assay showed that 
AAPB strains exhibited a lower capability of carbon-source utilization than their 
phylogenetic relatives and the preferences in utilization of acetate and butanediol。  
Light is one of the most important environmental factors for AAPB, but little is 
known about the effect of illumination on the carbon source utilization. In present 
study, we carried out time-series Biolog assay of the four AAPB strains involved in 
the culture experiments under illumination/dark. The results showed distinct 
responses among AAPB strains when illumination was switched on after a period of 
dark culture. Strain DMS6997 exhibited the light-stimulated enhancement of biomass 
while other strains showed the reverse response, suggesting that even all AAPB 
strains have the ability of light utilization, only part of them could take the advantage 
of light utilization under some specific environments.  















in the East China Sea sampled in Jan 2007 to understand the spatial variation in the 
metabolic diversity of microbial community. Biolog-GN plates were incubated for 7 
days, during which color development was monitored twice daily by optical density 
(OD590) measurements. The time-series carbon-source utilization profiles indicated 
that carbohydrates and organic acids were the main carbon source utilized by 
microbial communities in the surface water of the ECS while amino acids were rarely 
used. Along the horizontal gradient, polymer was the more frequently used substrate 
at the open ocean stations than the coastal stations. Furthermore, the corelation 
analysis showed that utilization of polymer was significantly affected by temperature. 
Along vertical gradient, the response of bacterial community from the deep water to 
carbon sources was faster than from the euphotic zone. 
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第 1 章  前言 
          
1.1 异养细菌对于海洋碳循环的意义 











吸收溶解有机物（Disssoved Organic Material, DOM），这部分物质是浮游植物通
过光合作用固定产生的，但是浮游动物所不能捕食和直接利用，必须首先通过异
养细菌的吸收利用，将之转化成为颗粒有机物(Particulate Organic Material, 
POM)，即细菌自身的生物量，然后继续沿食物链向上传递，从而提高了海洋生
态系统的总生态效率，异养细菌利用 DOM 转变为 POM 这一过程叫做细菌的次
级生产，通常异养细菌的次级生产力相当于初级生产力的 20～30 %（Cole et al.，
1988），起着举足轻重的作用，另外，从生物量上来看，原核生物（细菌和古菌）
在海洋水体中约有 12× 1028 (Whitman et al., 1998)的数量，在整个海洋系统真光
层中总细菌碳量为 0.5～2 gC/m2（Kirchman，2000），异养细菌的生物量占总颗




































如好氧不产氧光合细菌（Aerobic Anoxgenic Phototrophic Bacteria，AAPB）和视
紫质细菌（Proteorhodopsin，PR），这些细菌的特殊利用能量的方式，改变了人
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图 1-1.海洋上层光能利用生物与碳循环模型（Jiao et al., 2006） 
Fig.1-2. A model of light bio-utilization and carbon cycling in the sea. Chl, 
Chlorophyll; BChl, bacteriochlorophyll;PR, proteorhodopsin; PS I and II, 
photosystem I and II; pp,proton pump（Jiao et al., 2006）. 
 





于有机碳的依赖和消耗（图 1-1）。和 AAPB 不同，视紫质细菌的光能利用是直
接通过 PR 蛋白实现的，2000 年 Béjà 等通过基因组技术首次在一段属于
γ-proteobacteria 类群的基因组片断中发现了 PR 蛋白的编码基因，并在 E. coil 中
得到表达，证实其功能是利用光能将质子泵出细胞膜外，这种质子泵产生的跨膜
电势导致 ATP 的合成。已有研究表明 PR 细菌是地球上 丰富的生物之一， 表
层海水中 PR 细菌约占总细菌数量的 13 %, 而每个细胞中 PR 的平均分子数约为
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